In mice, the Kit receptor tyrosine kinase and its ligand, Steel factor, are required for melanogenesis, hematopoesis and gametogenesis We have identified a Xenopus gene, Xkl-I (Xenopus Kit-like-l) whose predicted protein has striking sequence identity in the catalytic domain and kinase insert to that of c-kit. Xkl-I is expressed only in dorsal tissues such as the nervous system, notochord and somites of neurulae. Ultraviolet irradiated embryos and animal caps treated with basic FGF unexpectedly express Xkl-1, since they are considered to develop only ventral type tissues. These observations raise. the hypothesis that Xkl-I is involved in Xenopus dorsal development and that dorsal tissues inhibit the expression of Xkl-I in ventral structures.
Intmduction
The family of protein receptor tyrosine kinases (RTK) and their associated ligands form an important group of signaling molecules required for pattern formation during both vertebrate and invertebrate development (Pawson and Bernstein, 1990) . In the amphibian, Xenopus laevis, basic fibroblast growth factor (bFGF) induces the formation of mesoderm in animal caps of the blastula. A number of receptors for bFGF are present in early embryos (Gillespie et al., 1989; hiusci et al., 1990; Amaya et al., 1991; Friesel and Brown, 1992 ) and overexpression of a dominant negative mutant form of at least one of these RTKS results in ventral and posterior mesodermal defects (Amaya et al., 1991) . Similarly, mutational analysis of genes that control various developmental processes in the fly, Drosophila melanogaster (Shilo, 1992) , and in the nematode worm, tween their gene products. The severity of the W mutant phenotypes correlates with mutations within the c-kit gene that cause the elimination or reduction of in vitro kinase activity of the Kit RTK (Nocka et al., 1989; Reith et al., 1990) .
The spatial distribution of c-kit and Sl transcripts during early mouse development has been determined by in situ hybridization. In the ovary, c-kit is expressed in growing oocytes (Orr-Urtreger et al., 1990; Motro et al., 1991; Arceci et al., 1992) follicular cells that immediately surround the oocyte express SI transcripts (Motro et al., 1991) . There is a sharp decline in expression of c-kit in embryos following fertilization, but transcripts are present at low levels throughout the preimplantation period (Arceci et al., 1992) . In implanted, presomitic embryos, c-kit transcripts are present in the embryonic ectodermal cells adjacent to embryonic endodermal cells expressing Sl transcripts (Motro et al., 1991) . The function of the Kit/Steel signal transduction pathway in early embryogenesis is unclear. Mice homozygous for null W or Sl alleles usually die of severe anaemia late in gestation rather than of causes related to embryonic pattern formation. Similarly, although both c-kit and Sl are expressed in fetal and adult tissues that are known to be affected by mutations at these loci, transcripts are also found in tissues that are not obviously affected by these mutations. For example, c-kit is expressed at high levels in the fetal and adult central nervous system in a contiguous pattern with Sl mRNA (Motro et al., 1991; Keshet et al., 1991) . Other tissues that express c-kit mRNA include kidney, lungs and gut (Nocka et al., 1989; Orr-Urtreger et al., 1990; Motro et al., 1991; Keshet et al., 1991 , Maeda et al., 1992 . It is possible that the effects of Kit/Steel mutations on these tissues and in early eggs and embryos are subtle and will require a more detailed analysis (for example, see Maeda et al., 1992) , or are masked by a redundant signaling pathway in mammals. The relative inaccessibility of the very early mouse embryo has made it difficult to determine the role, if any, of the Kit/Steel pathway during early embryogenesis. The frog embryo is particularly well-suited for embryonic manipulation Xenopus cDNA encodes a putative polypeptide that and is an ideal system to study the role of specific gene spans the region from the ATP-binding motif (but not products in tissue interactions such as mesoderm and including this motif) to the end of the coding domain, neural induction during early embryogenesis.
with 1 kbp of 3' untranslated sequence. In this paper, we describe the isolation of a partial cDNA from a Xenopus laevis oocyte cDNA library which shares significant sequence identity with the mammalian c-kit gene. Like mammalian c-kit, the Xenopus gene corresponding to this cDNA, designated Xkl-I, is expressed in early Xenopus embryos but in a different spatial domain. We show expression of Xkl-1 in animal cells of the pregastrula embryo and exclusively in all dorsoanterior tissues in subsequent stages. The expression of Xkl-f in dorsal structures suggests that it may be involved in their differentiation. We also demonstrate that u.v.-irradiated embryos and animal caps treated with bFGF, both of which are considered to be representative of ventral tissues, express Xkl-2 at a stage when, in normal embryos, the ventral tissue is completely devoid of Xkl-I mRNA. These observations raise the intriguing possibility that dorsal tissues inhibit Xkl-1 expression in ventral structures.
Alignment of the predicted amino acid sequence of this cDNA (which we call Xkl-I, for Xenopus Kit-like clone 1) with other members of the Kit/PDGF receptor family (Fig. lb) suggests that Xkl-1 is most closely related to the murine Kit protein (Table 1) . No other identified Xenopus RTK has greater sequence identity to Kit including Xenopus tibroblast growth factor receptor (Amaya et al., 1991) . Xkl-1 shares greater sequence identity to mammalian c-kit than do other mammalian members of the Kit/PDGF receptor family (see Fig. lb and Table 1 ).
Results

2.1, Isolation of a cDNA with sequence identity to murine c-kit
Eight lambda clones cross-hybridizing to murine c-kit were isolated from a Xenopus oocyte cDNA library using a probe corresponding to the entire coding region of mouse c-kit (Qiu et al., 1988) . Complete EcoRl digestion of the largest of these clones released two fragments which when sequenced revealed a partial cDNA of about 2 kilobase pairs (kbp) in length with extensive sequence identity to the cytoplasmic catalytic domain of ckit. The coding region of this cDNA ( Fig. la) was compared to other mammalian members of the plateletderived growth factor receptor family (Yarden et al., 1986) , which includes c-kit (Yarden et al., 1987; Qiu et al., 1988) , c-fms (Rothwell and Rohrschneider, 1987) , jlkl (Matthews et al., 1991a) andflk2 (Matthews et al., 1991 b) (Fig. 1 b) . The longest open reading frame of our The PDGFr family of RTKs is characterized by a large kinase insert (KI) which splits the cytoplasmic tyrosine kinase domain of these receptors. The KI is the least conserved region of the catalytic domain among members of this RTK subfamily, and is thought to be important for substrate binding specificity (Cantley et al., 1992) . Amongst the mammalian Kit/PDGFr family, the amino acid residue percent sequence identity in the KI ranges from 13-17%, whereas within the entire cytoplasmic domain, the sequence identity is from 45-55%. In contrast, the KI of Xkl-1 shares 67% sequence identity with the KI of murine Kit but only 13-16% identity with the other family members. The observations presented above suggest that Xkl-1 corresponds to a Xenopus gene that is most like mouse c-kit.
Xkl-1 expression in early embryos
To determine the temporal pattern of Xkl-1 expression in early embryogenesis, we performed Northern analyses of total RNA extracted from staged embryos using probes made from an EcoRI fragment of Xkl-I. Fragment 2a represents a section of the Xkl-1 mRNA spanning 200 bp of the 3 ' end of the coding region and the adjacent approximately 1 kb of non-coding sequence. Random primed probes made from this fragment hybridize to a predominant 3-kb transcript in early embryos ( Fig. 2) suggesting that this probe is gene- specific. The level of transcripts was relatively high in fertilized eggs and early cleavage embryos, but then declined rapidly in blastulae and subsequent stages (Fig.  2) . We found very low expression in tadpoles older than stage 42 (last lane in Fig. 2 ). The spatial distribution of Xkl-I transcripts was determined by whole mount RNA in situ hybridization of fixed embryos. Antisense and sense probes were made from the same template used in the Northern analyses. Sense probes do not hybridize in a specific expression pattern while embryos processed without probes do not stain at all. As a positive control, we probed embryos for globin mRNA (Widmer et al., 1981) that localized only to the most ventral region of the embryo (HemmatiBrivanlou et al., 1990 and Fig. 4d ).
Xkl-Z transcipts were detected in early cleavage stage embryos through to late blastulae in the animal hemisphere (Fig. 3a) . In gastrulae, transcripts were present in both the presumptive mesoderm and in the ectodermal covering of the whole embryo but not in the yolk-laden endodermal cells (Fig. 3b and c) . In some batches of embryos, transcripts were present in the ectoderm as well as the presumptive mesoderm until the end of gastrulation. In others, transcripts were not present in the ectoderm of the mid gastrula but were localized only to a ring of cells corresponding to the presumptive mesoderm. This difference may be due to variability in the timing of down-regulation of Xkl-Z in non-neural ectoderm (see below).
Localization of Xkl-Z transcripts in post-gastrulae was limited to dorsal tissues (Fig. 3d) . Expression in the non-neural ectoderm (epidermis) was absent, but transcripts appeared in the neural plate and neural tube of neurulae (Fig. 3d-f ). Transcripts were also found in dorsal mesoderm including the somites and notochord. This pattern of expression persisted but the level of transcripts diminished in post-neurulae embryos.
In tailbud and hatching embryos, the somites and neural tube expressed Xkl-Z transcripts within the region of the trunk (Fig. 4a and c) . As predicted from Northern analysis, the staining was not as intense as compared to embryos at earlier stages and was patchy in the somites (Fig. 4c) . In the head, expression of Xkl-Z was limited to the brain and head mesenchyme but not the epidermis or pharyngeal endoderm (Fig. 4b) . The cement gland is a mucus-secreting structure required for the embryo to attach to a solid support before it starts swimming. Like neural tissue, it is induced to form from ectoderm by mesoderm (Sive et al., 1989) . We found localization of Xkl-1 mRNA to a deep layer within the cement gland (Fig. 4b) , although we do not know whether this staining pattern is due to localization of messages intracellularly or to localization to a cell layer. Our observations indicate that the embryonic expression of Xkl-Z in Xenopus embryos is confined to the neural and dorsoanterior mesoderm.
Xkl-Z is expressed in dorsoanterior-enhanced anddeficient (ventralized) embryos
The dorsal-ventral distribution of Xkl-Z transcripts in post-gastrulae embryos suggested that Xkl-Z may be involved in the patterning of the dorsoventral axis. To investigate this further, we examined the dorsal specificity of Xkl-'Z expression in post gastrula embryos by generating embryos with dorsoanterior deficient (ventralized) phenotypes and processing them for whole mount in situ analysis. We expected that these ventralized ultraviolet (u.v.)-irradiated embryos would not express Xkl-1 since there is no Xkl-I mRNA in the ventral region of normal embryos.
Fertilized eggs irradiated at the vegetal pole with U.V. light prior to first cleavage develop axial defects (Grant and Wacaster, 1972; Scharf and Gerhart, 1980; Kao and Elinson, 1988) . Ultraviolet irradiation inhibits the cytoplasmic rearrangements in the zygote that are necessary for dorsoanterior development and results in incomplete formation or absence of dorsoanterior structures such as the nervous system and paraxial mesoderm (for review, see Elinson and Kao, 1989) . These embryos develop only ventral mesoderm, surrounded by epidermis (Cooke and Smith, 1987) .
Xkl-I transcripts were present in u.v.-irradiated embryos at a stage when in control embryos there is a clear dorsal-ventral difference in Xkl-I localization with no transcripts in ventral regions (Fig. 4d) . This pattern was found in all [ 181 u.v.-irradiated embryos examined. Ventral&d embryos were also processed for in situ hybridization analysis but probed for globin mRNA. Control embryos show globin expression in the ventral region of the embryo at the expected site of embryonic hematopoesis. Ventral&d embryos also express globin mRNA but in a localized region, at the pole of the embryo opposite to the blastopore. The domain of expression of globin in ventralized embryos is overlapped substantially by Xkl-I expression. This differs from control embr- yos in which the domains of Xkl-1 and globin expression are complementary rather than overlapping (Fig. 4d) . These results indicate that, as opposed to normal embryos, ventralized embryos continued to express Xkl-1 even in regions that express globin.
In contrast to U.V. irradiation, lithium treatment of embryos at the 32-cell stage causes them to develop enhanced dorsoanterior structures (Kao and Elinson, 1988) . Immersion of embryos in 0.3 M LiCl for 10 min resulted in the enhanced formation of dorsoanterior structures such as large internal notochords and accumulation of neural tissue at the blastopore, as expected (Kao and Elinson, 1988) . When probed for Xkl-1 expression, these embryos show staining patterns only in these dorsoanterior structures (Fig. 5B) , while in u.v.-irradiated embryos, staining appears in the deep tissue primarily in the mesoderm (Fig. 5A ).
Mesoderm-inducing growth factors induce Xkl-1 expression
The finding that dorsoanterior-deficient u.v.-irradiated embryos expressed Xkl-1 raised the possibility that ventral tissue in isolation, which does not develop dorsoanterior structures, expresses Xkl-1. To test this possibility, we treated animal cap tissue from a blastula stage embryo with growth factors known to induce largely either ventral or dorsal mesoderm.
Animal caps were treated with the dorsal mesoderm inducers TGF-02 (Kimelman and Kirschner, 1987; Rosa Smith et al., 1990; Thomsen et al., 1990) . of dorsal induction (Fig. 6D ) while very few (2122) TGF-6 treated explants elongated (Fig. 6C) . Nevertheless, all
At lower dosages, however, the majority developed large of the explants treated with either activin A (19119) or TGF-82 (22/22) expressed Xkl-Z ( Fig. 6C and D, Table   vesicles characteristic of ventral mesoderm (Table 2) .
2). Animal caps cultured in the absence of growth factors for the same time period rounded up into compact
Most of the FGF treated explants at all concentrations epidermal balls and none (total of 12) expressed Xkl-1 (Fig. 6A) . Table 3 Muscle induction in animal cap explants treated with growth factors Growth factor 12/lOl Staining bFGF (50 x 10s6 g/ml) II/15 bFGF (5 x 10m9 g/ml)
O/l1 bFGF (0.5 x 10s9 g/ml) o/9 TGF-82 (5 x 10e9 g/ml)
14/14 activin (5 X 1O-'2 s/ml) 17114
Animal caps were removed and treated with growth factors as described in Materials and methods and in Table 2 . Explants were fixed and processed for immunohistochemistry using antibody l2/lOl (see results). Numbers in the 12/101 column represent numbers of explants that show any positive staining with the antibody.
expressed high levels of Xkl-I mRNA ( Table 2 , Fig. 6B ), while untreated explants showed no expression (Fig.  6A ). It is possible that our FGF treatment may induce muscle, especially in the elongating explants, since FGF is known to induce muscle at high concentrations (Slack et al., 1987) and this may be the reason why the FGF treated explants expressed Xkl-I mRNA. To test this possibility, a number of explants from each of the bFGF treatment groups were stained with the muscle specific antibody, 12/101 (Kintner and Brockes, 1984) . Only those explants treated with the highest dosage of bFGF (50 x 10m6 g/ml) stained positive for muscle, while all TGF-fl2 and activin A treated explants showed strong staining (Table 3) .
Discussion
We have isolated a cDNA from a Xenopus oocyte library corresponding to a messenger RNA that encodes part of a protein strikingly similar to that of the c-kit proto-oncogene. Although our sequence corresponds only to part of the cytoplasmic domain, there is considerable sequence identity between Xkl-I and members of the Kit/ platelet derived growth factor receptor 3.1. A Xenopus member of the c-kit gene family (PDGFR) subfamily of RTKs throughout this segment of the protein.
The KitlPDGFR family is characterized by a 70-lOOamino acid kinase insert (KI) domain that splits the cytoplasmic tyrosine kinase domain into two parts and is the least conserved region within the subfamily (Hanks et al., 1988) . Comparison of the amino acid sequence within the KI of the mammalian Kit receptor and Xkl-1 reveals considerable sequence conservation overall but also shows complete identity in the three amino acid residues that lie immediately C-terminal to all three tyrosines in the KI domain of the receptor. These amino acids are essential for the binding of downstream substrates upon activation of the Kit receptor by binding of its cognate ligand (Cantley et al., 1992; Fantl et al., 1992) . Substrate specificity is conferred by the phosphorylation of the tyrosines associated with the tetrapeptide motifs (Kashishian et al., 1992 ; for review, see Pawson and Gish, 1992) . For example, the YMDM motif at amino acid residue number 728 of mouse Kit (Fig. 1C) is uniquely shared by human Kit and Xkl-1 and is the binding site for the p85 subunit of phosphotidylinositol 3'-kinase (for review, see Songyang et al., 1993) , a substrate that undergoes complex formation with phosphorylated Kit receptor (Rottape1 et al., 1991) . The extensive sequence similarity between the KI of mouse Kit and that of Xkl-I suggests that the putative Xkl-1 receptor tyrosine kinase and mouse Kit share identical or highly overlapping cytoplasmic signalling pathways.
Xkl-I has a unique expression pattern in early embryos
The evolutionary divergence between mice and frogs makes it extremely difftcult to align and compare anatomical structures between early embryos. In Xenopus embryos, we found strong localization of Xkl-1 mRNA in the animal half of the blastula. This region is normally fated to contribute to the formation of all of the axial body parts of the embryo. By analogy, the embryonic ectoderm of the mouse embryo, which is fated to develop into axial structures, accumulates c-kit transcripts, while the underlying embryonic endoderm expresses Steel transcripts (Motro et al., 1991) . In frog neurulae and later stage embryos, Xkl-1 is expressed exclusively in the dorsal mesoderm and in the entire developing nervous system. The initial expression in prospective lateral and ventral mesoderm of the gastrula is down-regulated completely and there is no expression in the prospective gut. At a comparable stage of mouse development (7.5-8 days), c-kit transcripts are present in the neural tube and otic vesicles as in frog embryos but transcripts are also present in the foregut and mandibular arch (Orr-Urtreger et al., 1990; Maeda et al., 1992) . Thus, even though we have yet to demonstrate that Xkl-1 is the true homologue of mammalian c-kit, we have demonstrated that the two genes share similar expression patterns in the very early embryo.
In mice, the major cell types that require c-kit and its ligand Steel are the germ, hematopoietic and melanocyte cell lineages of later stage embyos and fetuses. We did not examine in detail the expression of Xkl-2 in germ or hematopoetic cells, principally because we were interested in its expression in the very early events of axial pattern formation, at a time when in most vertebrate embryos, the hematopoetic and germ cell lineages have yet to be firmly established. The potential role of Steel factor in hematopoesis of Xenopus embryos, however, has already been examined (see, for instance, Ong et al., 1993) and therefore implies a role for a Kit-like protein.
The primary sites of hematopoiesis of the frog are localized to the ventral region of the early embryo as demonstrated by globin localization (Weber et al., 1991) . The expression of Xkl-1 and c-kit in the embryonic nervous systems of Xenopus and mouse, however, raises the intriguing suggestion that neural expression of this gene is an ancestral characteristic. The widening of Kit mRNA expression in mice to include other tissues may have occurred as subsequent events during the evolution of the two animals.
The absence of overlapping expression of Xkl-1 with globin in the tadpole does not rule out the possibility that Xkl-1 is required for embryonic hematopoiesis at an earlier stage. Murine Steel factor, the ligand for Kit, can promote the synthesis of globin and a marginal amount of erythrocyte differentiation in ventral mesoderm isolated from early Xenopus gastrulae (Ong et al. 1993) . At this earlier stage of development, we found expression of Xkl-1 in prospective ventral regions of the embryo, not inconsistent with a possible requirement for Steel factor for commitment or survival of very early hematopoietic progenitor cell populations at the gastrula stage. In following developmental stages, the lack of Xkl-I mRNA in the ventral side of the embryo, the region fated to undergo erythropoiesis, argues that either there is a very small population of hematopoietic stem cells in neurulae expressing Xkl-1 in the ventral region that are not detectable using the whole mount in situ assay or that Xkl-1 may be required only for the initial commitment to the erythroid lineage. Embryologically, u.v.-irradiated embryos are considered the 'ground-state' of normal development because normal embryos arise as the result of more dorsal and anterior structures being added to this phenotype (Gimlich and Gerhart, 1984; Kao and Elinson, 1988) . In addition, the absence of dorsal gene expression and production of blood and ventral gene products like globin (Cooke and Smith, 1987) suggests that u.v.-irradiated embryos are bona fide dorsoanterior deficient representatives. Therefore, it was extremely surprising that u.v.-irradiated embryos expressed Xkl-I.
Less surprising was the finding that lithium-treated embryos express Xkl-I. These embryos develop large notochordal and head structures as a result of an overcommitment to dorsoanterior mesoderm (Kao and Elinson, 1988) . Consistent with the staining patterns observed in normal embryos, only the enhanced dorsoanterior structures appear to accumulate Xkl-I mRNA.
A controlled investigation of the Xkl-I expression patterns in growth factor treated animal cells was more easily interpreted than that of the u.v.-irradiated embryos because animal cap assays represent a test of more or less homogeneous populations of pluripotent cells treated with a pure exogenous substance (Dawid, 1991) .
A number of intercellular signalling molecules can induce the formation of mesoderm in animal caps. Most notably, members of the transforming growth factor-8 family including the activins (Ashashima et al., 1990; Green and Smith, 1990; Thomsen et al., 1990 ) induce large amounts of dorsal mesoderm and in some cases neuroectoderm (Bolce et al., 1992) , while members of the fibroblast growth factor (FGF) family induce ventral mesoderm (Slack et al., 1987; Kimelman and Kirschner, 1987) . (Gurdon, 1977) . Ventralized embryos were obtained by irradiating dejellied, fertilized zygotes with ultraviolet (u.v.) light as described (Grant and Wacaster, 1972; Malacinski et al., 1975; Scharf and Gerhart, 1980; Kao and Elinson, 1988) .
Northern analysis
We found that all of the growth factors tested caused Xkl-1 transcript accumulation including the ventral mesoderm inducer bFGF. The induction or maintenance of Xkl-1 expression by bFGF is not dissimilar to the maintenance of expression of the bFGF receptor by bFGF in animal caps (Musci et al., 1990) . Normally, bFGFr is downregulated in isolated, untreated animal caps, but exposure to bFGF maintains FGFr expression (Musci et al., 1990) . Perhaps bFGF induces, as part of a more general response, the expression of Xkl-1 as well as FGFr.
RNA from approximately 500 embryos staged according to Nieuwkoop and Faber (1975) was extracted using LiCl/urea as described (Auffray and Rougeon, 1980) . Northern blots were probed with "P-labeled random primed probes and washed under high stringency conditions (Kao and Hopwood, 1991) .
RNA whole mount in situ hybridization
Based on the normal expression patterns of Xkl-I, it is surprising that u.v.-irradiated embryos and bFGFtreated animal caps expressed Xkl-1, since these tissues usually do not produce dorsal structures such as somites, notochords or neural tissue. One testable hypothesis that these results raise is that dorsal tissue in the normal developing embryo transmits a signal that inhibits the expression of Xkl-1 in ventral tissue. Experiments are underway to test this hypothesis.
Embryos were processed for whole mount in situ hybridization analysis as described (Hemmati-Brivanlou et al., 1990) . Embryos were fixed in MEMPfA (100 mM MOPS, Sigma; 2 mM EGTA, Sigma; 1 mM MgSO,; 4% paraformaldehyde, Polysciences) followed by overnight fixation and storage in methanol at -20°C. Probes were made with Xkit-1 clone 2a as a template by in vitro transcription (Melton et al., 1984) . After processing, embryos were cleared in 2 parts to 1 part benzyl benzoate:henzyl alcohol for visualization (Klymkowsky and Hanken, 1991) .
After in situ hybridization, some embryos were dehydrated in a graded series of alcohol and Xylene and then embedded in tissuetek (Fisher) for histological sectioning at 10 pm. Sections were mounted in water for photography.
Materials and methods
4.5. Growth factors 4.1. Library screening and cDNA characterization An oocyte cDNA library constructed in lambda gtl0 (Rebagliati et al., 1985) was screened under reduced stringency conditions using a random primed (Feinberg and Vogelstein, 1981) SaA fragment that encompasses the entire protein coding region of the murine c-kit cDNA. Hybridization and washing of filters and plaque purification were performed as described previously (Hopwood et al., 1989) .
Subcloning of lambda inserts into the pGEM 7(+) vector (Promega) was performed by standard methods (Sambrook et al., 1989) . Subclones were sequenced using overlapping oligonucleotide primers by the dideoxynucleotide method (Sanger et al., 1977) on double stranded templates.
Animals
Xenopus adults were maintained in a running dechlorinated water colony. Females were induced to ovulate with hormones and embryos were obtained by in vitro fertilization. Embryos were dejellied using 2.5% cysteine HCl (pH8) and reared at room temperature or 16°C in l/10 modified Barth's saline (MBS) solution Fibroblast growth factor (Amersham), transforming growth factor-0 (Genzyme), and activin A (Genentech) were diluted in 1 x MBS containing 0.1% gentamycin and 1% BSA (MBA). Animal cap explants from stage-8 blastulae and dorsal and ventral-marginal zone fragments from early gastrulae (stage 10.5, Nieuwkoop and Faber, 1975) were removed using fine watchmaker's forceps in a solution of MBA and then transferred to 100 ~1 MBA containing a measured amount of growth factor in a single 2% agarose coated well of a 96 well tissue culture plate (Falcon). Explants were cultured at room temperature until the gastrula stage, rinsed in 1 x MBS with gentamycin and then observed for dorsal mesoderm induction, described as an elongation (Symes and Smith, 1987) , or ventral mesoderm induction, described as vesicular with loosely organized mesenthyme cells (Slack et al., 1987) . Explants were fixed in MEMPfA and Methanol and then processed for whole mount in situ hybridization.
